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Synaptic transmission: Exciting times for presynaptic receptors
Harald Vitten and Jeffry S. Isaacson
Presynaptic receptors play an important role — typically
inhibitory — in modulating the strength of synaptic
transmission in the brain. Recent studies now reveal
that neurotransmitters can enhance synaptic strength
by activating ligand-gated ion channels in presynaptic
nerve endings.
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Neurotransmitter receptors on presynaptic nerve terminals
are generally believed to have a crucial role in modulating
synaptic transmission in the central nervous system (CNS).
Indeed, presynaptic actions of transmitters such as sero-
tonin, acetylcholine, noradrenaline, dopamine, adenosine
and endogenous opiates may govern many cognitive aspects
of brain function, including mood and arousal. Most presy-
naptic receptors modulate transmitter release via second
messenger interactions with voltage-gated Ca2+ channels
that trigger exocytosis, and perhaps by modulation of the
vesicle-release machinery itself [1]. Recent studies now
indicate that transmitters acting via presynaptic ligand-gated
ion channels also govern the strength of synaptic transmis-
sion in the brain [2].
Ion conducting, or ionotropic presynaptic receptors modu-
late transmitter release by their influence on the mem-
brane potential of the synaptic terminal. Classic studies of
the neuromuscular junction [3,4] and spinal motor neurons
[5] indicated that, at axo-axonic synapses that use the trans-
mitter γ-amino butyric acid (GABA), transmitter release
could be inhibited via presynaptic GABAA receptors. The
opening of presynaptic GABA-activated Cl– channels has
been linked to a reduction in transmitter release by several
possible mechanisms. This presumably reflects differences
in the internal Cl– concentration amongst terminals, which
cause the Cl– equilibrium potential to sit either slightly
negative or slightly positive to the resting potential. Thus,
GABAA channels could either hyperpolarize or depolarize
the nerve terminal. In either of these scenarios, opening of
GABAA channels could decrease the input resistance of the
terminal and act as an electrical shunt to reduce the ampli-
tude of the action potential as it invades the nerve ending.
Alternatively, membrane depolarization could reduce the
presynaptic action potential by inactivating voltage-gated
Na+ channels in the terminal. The ultimate result in the
case of presynaptic GABAA channels is a reduction of action-
potential-evoked transmitter release. 
In contrast to this classical action of GABAA channels, a
recent study [6] has indicated that presynaptic glycine-
activated Cl– channels can enhance transmission at a central
synapse. Turecek and Trussell [6] studied presynaptic
glycine receptors at the giant calyx synapse in the medial
nucleus of the trapezoid body (MNTB) of the rat auditory
brainstem (Figure 1). These glutamatergic, somatic synapses
are crucial for relaying auditory information and are a boon
to electrophysiologists, as the large size of the presynaptic
terminal is amenable to patch-clamp recording.
Turecek and Trussell [6] found that application of
exogenous glycine enhanced the amplitude of AMPA recep-
tor-mediated excitatory postsynaptic currents (EPSCs) at
the calyx synapse. Further experiments pointed strongly
to a presynaptic locus. First, paired-pulse facilitation, a short-
term form of synaptic plasticity that is highly sensitive to
manipulations that alter transmitter release, was greatly
reduced in the presence of glycine. They next found that
glycine enhanced the frequency of miniature EPSCs —
spontaneous events that represent action-potential-inde-
pendent release of individual vesicles of transmitter. More
importantly, the increase in frequency of miniature EPSCs
was prevented when voltage-gated Ca2+ channels were
blocked with cadmium. This suggested that glycine might
enhance nerve-evoked transmission by elevating intrater-
minal [Ca2+]. In support of this idea, increasing the Ca2+
buffering capacity of the synapse with a membrane perme-
able form of EGTA abolished the enhancing action of
glycine on action-potential-triggered release.
How would glycine-gated Cl– channels lead to a Ca2+-
channel-dependent increase in transmitter release? To
address this question, Turecek and Trussell [6] recorded
from the presynaptic terminal itself. Patch-clamp record-
ings revealed that glycine indeed activated Cl– currents in
the terminal. They also found that glycine produced a
depolarization of about 10 mV at the nerve terminal resting
membrane potential. As noted in the classical studies of
GABA presynaptic inhibition, this indicates that the intrater-
minal Cl– is normally high in the calyx nerve ending.
Further presynaptic recordings revealed that the glycine-
induced current did not alter the amplitude or shape of
action potentials in the terminal. This is somewhat surpris-
ing given that, as mentioned above, the shunting effect of
activating presynaptic channels has been suggested to
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produce a reduction in the amplitude of the presynaptic
action potential. Nevertheless, Turecek and Trussell [6]
provide clear evidence, using paired presynaptic and post-
synaptic recordings, that it is the glycine-induced membrane
depolarization that enhances nerve-evoked transmission.
This depolarization activates voltage-gated Ca2+ channels,
leading to a tonic increase in Ca2+ that facilitates action-
potential-evoked transmitter release.
Glycinergic neurons form conventional synaptic contacts
on MNTB principal cells and generate glycine-channel-
mediated inhibitory postsynaptic currents. Axo-axonic
synapses are not typically found outside of the spinal cord,
however, raising the question of whether or not presynap-
tic glycine receptors are ever exposed to the ligand. To
address this issue, Turecek and Trussell [6] also investi-
gated whether synaptically released glycine can activate
presynaptic receptors. They found that, when glycinergic
fibers were independently stimulated with a train of action
potentials, the calyx EPSC was enhanced. This result indi-
cates that glycine ‘spillover’ [7] from synapses on postsy-
naptic MNTB cells can reach concentrations sufficient to
activate glycine channels on the calyx terminal.
One might argue that the presynaptic enhancement
observed at the MNTB calyx is an unusual feature of these
unique synapses. However, studies of more conventional
(tinier) synapses have also revealed facilitating actions of
presynaptic receptors in the brain. Nicotinic acetylcholine
receptors have been found to enhance transmission in a
wide variety of brain regions [2]. In contrast to GABA and
glycine receptors, neuronal nicotinic receptors are Ca2+-
permeable channels, and it has been suggested that Ca2+
influx through nicotinic receptors can directly facilitate
release. One problem in establishing the role of presynap-
tic nicotinic receptors is that it has often been difficult to
prove that acetylcholine is actually released in regions where
presynaptic acetylcholine receptors are expressed.
The ubiquitous excitatory transmitter glutamate has
recently been suggested to facilitate transmitter release via
presynaptic receptors in the hippocampus. Glutamate typ-
ically mediates postsynaptic excitation via activation of
several different ionotropic receptor subtypes: NMDA
receptors, AMPA receptors and kainate receptors. At the
glutamatergic mossy fiber synapse, Schmitz et al. [8]
found that application of low concentrations of kainate
(50 nM) greatly enhanced EPSCs and reduced paired-
pulse facili-tation. This effect was mimicked by raising
the extracellular K+ concentration, suggesting that the
action of presynaptic kainate receptors was due to depolar-
ization of nerve terminals.
The excitatory action of low concentrations of kainate was
somewhat unexpected, as previous studies had found that
higher concentrations of the agonist (500 nM) depressed
mossy fiber transmission [9,10]. The kainate-receptor-medi-
ated depression of transmitter release coincided with an
increase in the excitability of the mossy fiber axons (mea-
sured extracellularly as an increase in the orthodromic
action potential). Importantly, the dose-dependent actions
of kainate could be duplicated with synaptically released
glutamate: brief trains of stimuli to an independent set of
glutamatergic synapses caused a heterosynaptic facilitation
of mossy fiber EPSCs while longer trains — more gluta-
mate release — depressed the EPSC [8]. 
What governs this bi-directional regulation of mossy fiber
transmission? The simplest explanation may reflect a com-
bination of the recent mechanisms proposed at the MNTB
calyx synapse with those postulated at the neuromuscular
junction and spinal cord. Low concentrations of glutamate
may cause a relatively modest, kainate-receptor-mediated
depolarization of mossy fiber terminals. This may cause a
small yet influential increase in residual intraterminal Ca2+
that facilitates action-potential-evoked transmitter release.
In contrast, higher effective concentrations of glutamate
may activate more presynaptic kainate receptors and depo-
larize mossy fiber terminals to the point that voltage-gated
Na+ or Ca2+ channels are inactivated. Direct recordings
from mossy fiber boutons will presumably elaborate these
findings in the near… and exciting… future. 
Figure 1
Presynaptic glycine receptors enhance transmitter release at the calyx
synapse. Glycine spillover from postsynaptic synapses activates
presynaptic glycine receptors at the calyx, resulting in a slight
depolarization of the terminal. This depolarization triggers calcium entry
through voltage-gated calcium channels, which enhances action-
potential-evoked transmitter release.
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